Prior research indicates that cognitive vulnerabilities can render individuals more susceptible to psychopathology in the wake of stressful events. However, little work has directly targeted the neural mechanisms involved. In this study, we examined functional magnetic resonance imaging (fMRI) activity as a function of negative cognitive style, a well-studied cognitive vulnerability for depression. We adapted a robust paradigm in which undergraduate students completed fMRI testing after a known ecologically valid stressor (a midterm exam). Negative cognitive style correlated with brain activity in response to both negative and exam-related information in dorsolateral prefrontal cortex and/or angular gyrus, both regions involved in abstract, self-referential thought. There were commonalities and differences in patterns of activity, suggesting that these individuals may process domain-general and domainspecific negative information in different ways but drawing upon a common frontoparietal network. This study, thus, identifies a potential brain network associated with negative cognitive style, and enhances our understanding of neural mechanisms of cognitive vulnerability to psychopathology.
While such research is ongoing, there has been an explosion of interest in the pathophysiology of psychiatric disorders, and much has been learned about neural circuitry thought to instantiate them (for examples of recent reviews, see : Kaiser, Andrews-Hanna, Wager, & Pizzagalli, 2015; Tovote, Fadok, & Lüthi, 2015) . However, relatively little is known about the neural mechanisms involved in cognitive vulnerabilities. Recently, there have been calls to understand core biological and psychological processes in psychiatric disorders, most notably the National Institutes of Mental Health's (NIMH's) Research Domain Criteria (RDoC) initiative (Kozak & Cuthbert, 2016) . Neuroimaging studies of cognitive vulnerabilities fit well within the RDoC schema as they stand to inform not only our understanding of these established core constructs themselves, but of how brain networks that have recently been elaborated might respond under stress.
Among the most well-supported diathesis stress models is the Hopelessness Theory, which posits a cognitive vulnerability termed negative cognitive style (NCS; Abramson, Metalsky, & Alloy, 1989) . Individuals with NCS have a tendency to attribute negative events to stable, global causes with negative consequences and reflective of negative self-characteristics. Such individuals are demonstrably more vulnerable to developing depression (Abramson et al., 1999; Alloy et al., 2006; Hankin, Abramson, Miller, & Haeffel, 2004; Hankin, Abramson, & Siler, 2001) and have higher lifetime rates of depression (Alloy et al., 2000) . The midterm exam study is a paradigm that has been used extensively to study NCS in the context of a predictable stressor. In this design, undergraduate students in a course are tested for cognitive style early in the semester, and their self-reported negative affect is followed after an exam. Students with NCS show elevated negative affect compared with their low-risk counterparts for at least a week after a poor midterm grade (Haeffel, 2011; Metalsky, Halberstadt, & Abramson, 1987; Metalsky, Joiner, Hardin, & Abramson, 1993) . This postexam period provides a window within which psychological processes reliably differ as a function of NCS-an appealing target for studies of cognitive and neural mechanisms. The present study sought to capitalize on this window using neuroimaging.
Our goal was to deploy functional magnetic resonance imaging (fMRI) to assess how individuals varying in NCS differentially processed information directly related to a recent stressor, that is, the midterm. Accomplishing this aim required a cognitive task that would cue individuals to recall the midterm and, ideally, allow them to process these memories naturally. For this, we adapted a previously published task in which participants rehearse the order of words in working memory (Joormann, Levens, & Gotlib, 2011) . Notably, the semantic content of the words in this task is irrelevant to task instructions, so errors in performance or differences in brain activity are presumed to be caused by task-unrelated processing triggered by those words. The task was adapted to include two types of stimuli. The first were negative stimuli, which have been widely used to study affective processing (e.g., Hamilton et al., 2012) . The second were exam-specific stimuli, that is, words from exam study materials. These words are not a priori negative, but they are directly relevant to the recent event. We predicted that both negative and exam-related words would induce differential processing in individuals with NCS, and these would be detectable by increases in fMRI activity and deficits in task performance.
By including both stimulus types, we could glean additional nuance by comparing domain-general (negative) stimuli to domain-specific (exam-related) stress-relevant stimuli. It has been previously theorized that maladaptive attributions frame negative events in terms of self-relevant goals, thus, making it harder to disengage attention and causing rumination (Abramson et al., 2002) . Furthermore, previous work has found that rumination mediates the relationship between negative cognitive style and depressive symptoms after a negative event (Spasojević & Alloy, 2001) . Thus, we predicted that stress-specific (i.e., exam-related) words would more reliably alter cognition, that is, induce more errors and more fMRI activity, as they would trigger self-relevant goals and maladaptive attributions related to the midterm. Although self-reported state rumination was not measured out of concern for task interference, we collected electrodermal activity (EDA), a marker of sympathetic arousal that can index emotional reactivity, attention, and cognitive load. EDA is not specific to rumination, but could provide supporting evidence.
Here we used fMRI which captures the blood oxygen-level dependent (BOLD) signal, an indirect measure of neural function. Our analyses were conducted across the entire brain, without a priori tests for specific regions, but we predicted involvement of several networks that have been implicated in depression and whose functions are relevant to NCS. The first of these is the default-mode network (DMN), a network known to be active at rest and thought to play an important role in self-referential thought and autobiographical memory (Raichle, 2015) . Depression is associated with resting-state hyperconnectivity of the DMN (Kaiser et al., 2015) and a failure to downregulate DMN during cognitive tasks (Grimm, Ernst et al., 2009 Sheline et al., 2009 ). These findings suggest that it is tonically active in depressed individuals, perhaps because of rumination (Berman et al., 2011; Hamilton et al., 2011) . As the maladaptive causal attributions of NCS are also abstract and selfreferential, we suspected the DMN would be important in implementing these. A second network of interest was the frontoparietal network (FPN), thought to be critical for cognitive control (Vincent, Kahn, Snyder, Raichle, & Buckner, 2008) . Prior research indicates that the FPN can couple with the DMN when participants engage in self-referential, goal-directed thinking (Spreng & Schacter, 2012; Spreng, Stevens, Chamberlain, Gilmore, & Schacter, 2010) . We reasoned that the FPN would be involved in directing cognition toward self-relevant negative processing such as rumination on causal attributions or negative schemas. Finally, we predicted differences in task-evoked amygdala activity. Enhanced amygdala reactivity to emotional stimuli is welldocumented in depression (Jaworska, Yang, Knott, & MacQueen, 2015) , and one prior study has found amygdala hyperactivity to emotional stimuli in students with NCS (Zhong et al., 2011) . Of interest was whether amygdala reactivity in response to negative and task-related stimuli would show similarities; if so, this would suggest that the latter were being interpreted as negative stimuli despite being objectively neutral.
In summary, we recruited undergraduate students varying in negative cognitive style for neuroimaging after a midterm exam. We note that this is not a clinical sample; although these students carried a known risk factor for depression, they were not currently depressed at the time of the study. Our aim was to study a "pure" cognitive vulnerability, that is, in the absence of concurrent sympThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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tomatology. To isolate our population of interest-students who had experienced a negative event-we furthermore excluded individuals who received an A and included only participants who performed at or below their desired exam grade. Our primary questions of interest were as follows:
1. Do individuals with NCS show deficits in cognitive processing or increases in brain activity in response to stressrelevant information?
2. Are these differences greater for domain-general (negative) information, domain-specific (exam-related) information, or both?
Method Participants
Participants for this study were students enrolled in an introductory psychology course (Psychology 202) at UW-Madison in the Fall of 2016. 323 students completed an online questionnaire; 120 of these students then completed a second, in-person questionnaire session. Finally, 60 students completed an MRI session after either the first or second midterm exam (first exam N ϭ 27, second exam N ϭ 33). Of these, 46 (77%) were female, 55 (92%) were White, and 55 (92%) were non-Hispanic. Average age was 18.59 (SD ϭ 1.42, range 18 -28). Fifty-six participants (93%) performed onehalf or more letter grades below their aspiration for the midterm, and four (7%) received their desired exam grade. Participation in the study was limited to U.S. citizens, for payment reasons. After the initial online survey, students were excluded from further participation if they endorsed a current or recent (within 6 months) diagnosis of depression, or use of psychiatric medications during that time period. Students were excluded from the MRI session if they were ineligible for MRI scanning because of metal in their bodies, neurological conditions, or claustrophobia.
Procedure
This study had three participation arms. The first comprised an online survey, which students completed at home at their leisure. Second, students who completed the online survey were invited for an in-person questionnaire session. These sessions took place throughout approximately the first half of the semester, to screen an adequately sized pool of participants for MRI recruitment. After a midterm exam, students who had completed both sessions and who scored at or below their self-reported aspiration on the exam were contacted by phone and screened for MRI eligibility. MRI sessions were conducted after the first and second midterms, but each student could participate only once. Students were scanned within 1 week of the receipt of exam grades, which was 2-5 days after the exam itself. Hence, students were scanned in the window 7-14 days (M ϭ 10.55 days) after the exam date.
Questionnaires
An online survey was used to assess study inclusion criteria. Participants were asked: if they had a current or prior (6 month) diagnosis of depression; if they were currently or had recently (6 months) taken antidepressant medications; their desired exam grades, their high school grade-point average (GPA) and their scores on the ACT. Students also completed the Beck Depression Inventory-II (BDI-II; Beck, Steer, & Brown, 1996 , Cronbach's ␣ ϭ 0.91).
1
In the in-person survey session, participants completed the Cognitive Styles Questionnaire (CSQ; Haeffel et al., 2008) , a validated instrument including 24 scenarios comprising positive, negative, achievement-related, and social events (i.e., 6 positive social, 6 negative achievement, and so forth). Participants read each scenario (e.g., being unable to complete coursework for an important class) and write down one cause of that event, then respond to one question each on the following: internality, globality, and stability of the event's cause, anticipated negative consequences and impact on self-worth (the event's meaning), and finally the importance of the event. The five subscales internality, globality, stability, negative consequences, and self-worth are averaged within and then between each of the four scenario types to generate scores for, for example, negative cognitive style in the achievement domain. These are further averaged into overall negative and positive cognitive styles. All scales are reported on a 7-point scale where 7 indicates the most negative (or positive) cognitive style. Hereafter we refer to the negative cognitive style score as the CSQ total score, which had ␣ ϭ 0.93. We were also interested specifically in the CSQ achievement subscale, which was the negative cognitive style calculated only for the achievement-related items, as these were most relevant to the exam stressor. The CSQ achievement subscale correlated with the CSQ total score at r ϭ .93 (confidence interval (CI) [0.88 0.96], p Ͻ .001); ␣ for achievement-related NCS was 0.89.
Finally, at this visit participants also completed the Multiple Affect Adjective Checklist-Revised (MAACL-R; Zuckerman & Lubin, 1985) , a checklist comprising 132 affective words (e.g., "satisfied," "tormented," and "inspired"). Participants are asked to check all boxes that describe their emotions "right now, today" and to "work rapidly." Subsets of words are summed to create the subscales for depression and anxiety (other scales were not examined for this study), which had ␣s ϭ 0.71 and 0.69, respectively.
During the MRI study visit, before the scan, participants again completed the BDI-II (␣ ϭ 0.90) and the MAACL (␣ ϭ 0.65 and 0.61) to assess change in symptoms. They additionally completed the Particular Inferences Questionnaire (PIQ; Metalsky et al., 1987 ) a 4-item questionnaire assessing negative inferences about a specific event (in this case, the midterm exam). Students were asked to write down a single cause for their midterm grade and then respond to one question each about the globality of the cause, the stability of the cause, anticipated negative consequences from the exam and its impact on the student's self-worth. All responses were on a 7-point Likert scale; ␣ ϭ 0.57. Finally, they completed an unvalidated questionnaire with questions about grade aspiration, grade received and feelings about grades on a 1-7 scale (1 ϭ the best I've ever felt, 7 ϭ the worst I've ever felt).
fMRI Task
The Working Memory Task (WMT) was adapted from Joormann et al. (2011) . The overall aim of this task was to have students engage in working memory manipulation of domaingeneral (negative) and domain-specific (exam-related) words.
Stimuli for this task came from several sources. Negative words were selected from the Affective Norms for English Words (ANEW) database (Bradley & Lang, 1999) . Exam-related words were selected from course textbooks, then cross-referenced with the syllabus to ensure selected words were relevant to the most recent midterm. Neutral words were selected from the SUBTLexus database (Brysbaert & New, 2009) , which was also used to provide frequency data for all words. Examples of negative, neutral, and exam-related words are provided in the online supplemental material. Forty-eight words were selected in each category (negative, neutral, and exam-related) and normed such that average frequency and length did not significantly differ between categories. An additional 288 unnormed neutral words were selected as foils. Because the course had four sections and the study was conducted after two different midterm exams, a total of eight versions of the task were created, with different exam-related words but identical negative and neutral words and foils.
The task comprised 144 trials divided into 48 negative, 48 neutral, and 48 exam-related trials. The trial structure is outlined in Figure 1 . On each trial, a participant was presented with three words for 1 s each, followed by a fixation cross for either 500 ms (first two words) or jittered between .25-1.25 s (after the third word). The words and interword fixations comprised the Word Presentation epoch, which had its onset at the start of the trial and duration of 4 s. Participants were then presented with a cue asking them to remember those words in either forward or backward order (.25-1.25 s jittered), followed by a 3.5-s rehearsal epoch. Finally, they were represented with one of those words and asked to respond (within 1.5 s) which number it was in that order. For instance, if they saw the words "psychology, tree, pencil" and the cue "backward," then the word "psychology," they would respond with the number "3." On each trial, one of the three words was a critical word-either a negative, exam-related or neutral word, as described above. The remaining two words were randomly drawn without replacement from the pool of neutral foils.
All statistical analyses for the behavioral data were performed using R software (https://cran.r-project.org/). Sensitivity scores (d=) were derived from the responses using a three-alternative forced choice method (Stanislaw & Todorov, 1999) as implemented in the sensR package (https://CRAN.R-project.org/packageϭ sensR). Trials with missing responses were dropped. Reaction times were analyzed only for correct trials. Reaction times and sensitivity were averaged across participants over a given study condition, for example, negative trials. Contrasts (e.g., negative vs. neutral) were tested by subtracting one condition from another and testing the difference scores either as t tests or in correlation or regression models with individual difference variables of interest, especially CSQ scores.
fMRI Data Collection and Analysis
Image acquisition. Structural and functional images were collected on a 3T MRI scanner (Discovery MR750, General Electric Medical Systems) with an eight-channel radio-frequency (RF) head coil array. T1-weighted structural images (1 mm 3 voxels) were acquired in the sagittal plane with an isotropic BRAVO sequence using a parallel imaging factor of 2 (TR ϭ 6.7, TE ϭ 2.93, TI ϭ 450, flip angle ϭ 12°, voxel size ϭ 1 mm 3 , matrix size 256 ϫ 256). Functional data were collected as T2
‫ء‬ -weighted gradient-echo echo-planar images with a parallel imaging factor of 2 (TR ϭ 2000, TE ϭ 20, flip angle ϭ 75°, voxel size ϭ 3.5 ϫ 1.75 ϫ 1.75 mm, matrix size 96 ϫ 64, 40 interleaved sagittal slices). Six runs of 5 min 34 s (167 volumes) were collected. During the scan, participants wore a respiration belt, a pulse oximeter and skin-conductance electrodes on their left hands. Participants held a button-box with their right hands, which they used to respond to the working memory task.
Preprocessing. T1-weighted images were skull-stripped using FreeSurfer (https://surfer.nmr.mgh.harvard.edu/). All other image processing was completed using FSL (www.fmrib.ox.ac.uk/ fsl). Using the FEAT tool, we removed the first five volumes from each subject's functional data, then performed motion correction using MCFLIRT and removed nonbrain regions using BET. Subjects' EPI data were aligned to their structural data using a 6 df boundary-based registration (Greve & Fischl, 2009 ) and the structural MRI was registered to MNI space using a 12 df affine transformation in FLIRT (Jenkinson & Smith, 2001 ) and then further refined using FNIRT nonlinear registration (Andersson, Jenkinson, & Smith, 2007) . Data were smoothed with a 5-mm FWHM kernel.
fMRI data analysis. Task data were analyzed using a general linear model. Regressors were constructed at the first level by convolving boxcar functions with a double-gamma canonical Figure 1 . Schematics of (a) the study recruitment procedure and (b) the Working Memory Task. This document is copyrighted by the American Psychological Association or one of its allied publishers.
HRF. The following regressors were included for each task run: word presentation (4 s), fixation (jittered .25-1.25 s), cue (jittered .25-1.25 s), rehearsal (3.5 s), probe (1.5 s), and rest (3 s). To control for the potential confound of response time, additional regressors were constructed for the probe with trial-by-trial amplitude modulation by response time (mean-centered per condition; Mumford & Poldrack, 2014) . Regressors before the cue were divided into negative, neutral, exam-related, and missed trials (excluded), while regressors including and after the cue were additionally divided into forward and backward. These task-related regressors totaled 42 (see online supplemental Figure 1 ). Additional regressors were included to model standard and extended motion parameters (24 total) and to exclude any TRs with framewise displacement Ͼ0.9 mm (0 -40 regressors per run, average ϭ 2). 2 Runs were excluded if Ͼ25% of TRs were labeled as having high motion; only one run for one participant was excluded for this reason. Two participants had four runs of data dropped because of falling asleep or a projection error; all other participants had all six runs included.
Contrasts were constructed at the first level by subtracting a regressor in one condition (e.g., neutral words) from the same regressor in another condition (e.g., negative words). Differences were not seen between forward and backward trials for any trial type, so forward and backward regressors within a given condition were combined (e.g., [forward ϩ backward negative rehearsal] -[forward ϩ backward neutral rehearsal]). Trial type-by-time interactions were modeled as within-trial contrasts, for example, 2 (negative vs. neutral) ϫ 2 (rehearsal epoch vs. word presentation epoch). Contrast estimates were averaged across runs using a fixed effects linear model, and the subject-specific estimates for both mean effects and correlations with behavioral measures (e.g., the CSQ) were modeled at the group level using FMRIB's Local Analysis of Mixed Effects (FLAME). Multiple comparison correction was done using cluster-based random field theory with a cluster forming threshold of z ϭ 3.1 (Eklund, Nichols, & Knutsson, 2016 ) and a corrected cluster p value threshold of 0.05.
Analyses were conducted both including and excluding the four participants who received their desired exam grades; as results did not differ appreciably, these students were included for all reported analyses. Additionally, correlations with CSQ score as predictor variable were also tested as regressions with interaction between CSQ score and (a) date from exam and (b) difference between desired and actual exam grade. These interactions were all nonsignificant, and including these terms as covariates did not change reported outcomes appreciably, so these analyses are not reported and participants are treated as a single poststress group.
Electrodermal Activity
During MRI data collection, participants wore Biopac (www .biopac.com) MRI-compatible sensors on the middle and ring fingers of their left hands. Data were collected via a Biopac MP150 amplifier and recorded on Acqknowledge software (sampling rate ϭ 1,000 Hz). Data were down-sampled to 1Hz and highfrequency noise was removed using wavelet functions in Matlab (www.mathworks.com). Areas of artifact were hand-scored and replaced using linear interpolation with in-house code. Cleaned data were analyzed using the Continuous Decomposition Analysis module in ledalab (www.ledalab.de), which produced estimates of skin conductance during the word-presentation and rehearsal epochs as defined above. These were treated as unthresholded continuous variables, that is, averaged across all runs for a given condition (e.g., negative) and subjected to paired t tests and correlations with individual difference variables of interest.
Results

Questionnaire Data
NCS and mood symptomatology. First, we examined the distribution of negative cognitive style and its relationship to depressive symptomatology. Mean score on the negative items of the CSQ (i.e., negative cognitive style) was 4.42 (SD ϭ 0.78, range ϭ 2.62-6.93; Figure 2 ). CSQ score did not differ by gender, nor was it correlated with grade on the exam, high school GPA or ACT scores. Mean BDI-II score on the online questionnaire was 11.28 (SD ϭ 8.46, range ϭ 1-40). Mean BDI-II score at the MRI time point was 9.08 (SD ϭ 7.31, range ϭ 1-39). Mean MAACL depression on the online questionnaire was 1.18 (SD ϭ 1.64, range ϭ 0 -6) and MAACL anxiety was 1.67 (SD ϭ 1.84, rage ϭ 0 -7). At the MRI timepoint, mean MAACL depression and anxiety scores were, respectively, 0.62 (SD ϭ 1.15, range ϭ 0 -5) and 0.87 (SD ϭ 1.29, range ϭ 0 -7).
As expected, BDI score was correlated with CSQ score both on the online questionnaire (r ϭ . Reactions to the exam. Second, we assessed reactions to the exam and whether these were associated with NCS. Participants' mean reaction to the exam on our single-item measure was 4.3 out of 7 (SD ϭ 1.43, range ϭ 1-7). A score of 4 corresponded with "Neutral-neither good nor bad," indicating that on average participants felt slightly worse than neutral about their exam performance. Feelings about the exam were uncorrelated with CSQ score, indicating that participants with NCS did not feel worse about their exam performance than others. They did, however, make more negative inferences about the exam, as indicated by the correlation between PIQ scores and CSQ scores (r ϭ .50, CI [1.46, 3.97], p Ͻ .001). Average PIQ score was 11.2, SD ϭ 4.29, range ϭ 3-21.
Behavioral and fMRI Correlates of Negative Cognitive Style
Correlations of CSQ total scores with behavioral data. We predicted that at-risk individuals would make more errors on the 2 This paragraph refers to first-level regressors that are for the withinsubjects GLM. Thus, although the number of regressors is larger than the number of subjects, the degrees of freedom at the first level are determined by the number of TRs rather than the number of subjects. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Working Memory Task. Contrary to our predictions, CSQ scores did not correlate with reaction time (RT) or sensitivity (d=) for any trial type. RT and d= values by condition are available in online supplementary material.
Correlations of CSQ total score with fMRI activity. Our primary question with respect to fMRI data was whether individuals with NCS had increases in fMRI activity to negative or exam-related words. To test this, we produced BOLD fMRI estimates for the contrasts of negative Ͼ neutral trials, exam-related Ͼ neutral trials, and exam-related Ͼ negative trials in the word presentation and rehearsal epochs. We hypothesized that the word presentation epoch, wherein participants were presented with words initially, might capture attentional or semantic processing, while the rehearsal epoch, when participants were tasked with keeping the words in working memory, might capture ruminative processing. Linear regression was then performed using each of these contrasts as the dependent variable and CSQ as the regressor of interest.
Within the word-presentation epoch, no statistically significant correlations were seen between CSQ scores and activity in exam Ͼ neutral or negative Ͼ neutral contrasts. However, there was a positive correlation between CSQ scores and the exam Ͼ negative contrast in one cluster in the right middle frontal gyrus (Figure 3 panel a; 168 voxels, peak voxel at 50, 18, and 42 mm). Thus, individuals with NCS recruited more DLPFC activity in response to exam-related than negative words during word presentation.
Within the rehearsal epoch, CSQ score positively correlated with the exam Ͼ neutral contrast in two clusters in right middle frontal gyrus and angular gyrus (Figure 3 panel b; 180 voxels, peak voxel at 40, 24, and 50 mm; 97 voxels, max at 52, Ϫ60, and 22 mm). Thus, individuals with high CSQ scores had more activation for exam-related than for neutral trials in these two clusters during rehearsal. The negative Ͼ neutral contrast was positively correlated with CSQ score in one cluster in left angular gyrus (Figure 3 panel c; 85 voxels, peak voxel at Ϫ44, Ϫ66, and 46 mm), indicating that individuals with NCS recruit angular gyrus when rehearsing negative information. No statistically significant correlations were seen for the exam Ͼ negative contrast in the rehearsal epoch, indicating that individuals with NCS did not process these word types differently.
Trial type-by-epoch interactions.
The activation patterns that were correlated with CSQ score differed between word presentation and rehearsal epochs, so we constructed trial type-byepoch interactions and regressed these onto CSQ scores to test whether CSQ-related BOLD activity was greater in the word presentation or the rehearsal epoch. None of the interactions tested (word presentation vs. rehearsal for negative Ͼ neutral, exam Ͼ neutral, and exam Ͼ negative contrasts) were significant. This indicates that we were unable to detect changes in brain activity between the word-presentation and rehearsal epochs of the task.
Correlations with the CSQ achievement subscale. Wholebrain correlations with CSQ were repeated using only the achievement items on the CSQ, which are the most relevant to the stress of poor midterm performance and, thus, more sensitive to stressrelated brain activity. During word presentation, achievementrelated CSQ scores were positively correlated with the exam Ͼ neutral contrast in a cluster in frontal pole (Figure 3 panel d; 78 voxels, peak voxel at 16, 44, and 34 mm), which was not seen using the full CSQ. In the rehearsal epoch, achievement-related CSQ score was positively correlated with exam Ͼ neutral activation in right angular gyrus and middle frontal gyrus clusters as seen for the full CSQ (114 voxels, peak voxel at 38, 22, and 50 mm; 66 voxels, peak voxel at 52, Ϫ62, and 22 mm), as well as with a cluster in dorsomedial precuneus (67 voxels, peak voxel at 0, Ϫ54, and 54 mm; Figure 3 panel e) . Thus, individuals with higher achievement-related NCS had more fMRI activity to exam-related words in the frontal pole during word presentation and in precuneus, R angular gyrus, and middle frontal gyrus during rehearsal. No clusters survived thresholding in the negative Ͼ neutral contrast or exam Ͼ negative contrasts.
Correlations with depressive symptoms. Because CSQ scores were highly correlated with depressive symptoms, we conducted additional analyses to determine whether the correlations between CSQ and BOLD activity held when controlling for symptomatology. No clusters emerged from voxelwise correlations between BOLD activity and depressive symptoms from the BDI-II at the MRI time point. There were likewise no significant results using difference in BDI score pre-to-post midterm. Finally, we ran multiple regressions with CSQ score controlling for BDI score. In these analyses, the partial correlations between CSQ score and This document is copyrighted by the American Psychological Association or one of its allied publishers.
brain activity in the negative Ͼ neutral rehearsal period were no longer significant, but the dorsolateral prefrontal cortex (DLPFC) cluster from the exam Ͼ neutral rehearsal period remained significant. Mean effects. To test whether negative and exam-related words are processed similarly regardless of individual variance in NCS, we tested mean differences between conditions. During the word-presentation epoch, one cluster in left angular gyrus was more active for negative than neutral trials (135 voxels, peak voxel MNI coordinates Ϫ60, Ϫ62, and 26 mm), and one cluster in right precentral gyrus was more active for exam-related than neutral trials (168 voxels, peak voxel at 58, Ϫ2, and 30 mm). No differences were seen for the exam-negative contrast. During the rehearsal epoch, no significant differences were found in any of the contrasts examined (negative-neutral, exam-neutral, and examnegative). These findings suggest that increased fMRI activity is used to process exam-related and negative words compared with neutral words normatively.
Electrodermal Activity
EDA scores were greater for negative than neutral trials both during the word-presentation epoch (t (59) between exam-related and negative trials during either the word presentation or rehearsal epochs (both p Ͼ .26), and no measure of EDA correlated with CSQ score. Voxelwise brain data in the above contrasts was regressed onto EDA data and no clusters were found to be significant. In addition, when EDA scores were included as covariates in voxelwise correlation analyses with CSQ scores, the clusters reported above for negative-neutral and examneutral rehearsal periods were unchanged. These results indicate that differences in brain activity correlating with negative cognitive style were not attributable to arousal (see Figure 4) .
Discussion
Stressful events are ubiquitous in life, and individuals who respond to them with maladaptive attributions are at increased risk for psychopathology. The central question of the present study was whether this tendency-negative cognitive style-corresponds with detectable cognitive or fMRI differences after such an event.
In fact, individuals with NCS showed increased BOLD activity in response to stress-relevant information in frontal and parietal cortices. Furthermore, a strength of our study was the use of both domain-general, that is, negative, and domain-specific, that is, exam-related, stimuli. Mean differences in whole-brain analyses during the word presentation epoch indicate that these words are normatively processed differently from neutral words irrespective of negative cognitive style. However, during the rehearsal epoch, both stimulus types elicited increased frontoparietal activity in individuals with NCS, especially in angular gyrus. Within the This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
word presentation epoch, individuals with NCS used more DLPFC to process exam-related than negative words. Taken together, these results elucidate a previously undescribed frontoparietal network associated with stress-related processing in NCS, and indicates that within this network, domain-specific information elicits more activity than domain-general information. These results, thus, provide support for our hypothesis that domain-specific information would more reliably affect cognition than domain-general information, and supports the use of such stimuli in future neuroimaging studies of cognitive vulnerability.
Deeper nuances emerged when depressive symptoms were incorporated into analyses. Although there were no first-order correlations between brain activity and depressive symptoms, when depressive symptoms were controlled, the correlation between CSQ score and DLPFC activity to exam-related words during the rehearsal epoch remained significant, while the correlation between CSQ score and angular gyrus activity to negative words in the same epoch did not. This suggests that even during the same epoch, individuals with NCS process domain-general versus domain-specific information differently in these two different brain regions. One explanation could be that they use DLPFC for domain-specific processing regardless of level of dysphoria, but they begin to use angular gyrus to process negative information as they develop symptomatology. It additionally seems to underscore the importance of DLPFC, specifically, to processing of domainspecific stimuli in individuals with NCS.
An additional point was that analyses using the achievementrelated CSQ items uncovered additional NCS-related BOLD fMRI responses in exam-related trials. The CSQ achievement subscale comprised half the items of the CSQ total scale and the two were highly correlated, so these additional findings are striking. Our interpretation is that the other half of the items, that is, the social subscale, were conceptually less relevant to the exam-related information and, thus, added noise. Hence, the use of carefully matched questionnaire instruments to probe responses to domainspecific stimuli added nuance and depth to our results.
We find it interesting that our results were not in regions associated with emotional responding, such as the amygdala, but in regions associated with higher-order associative processing. The AG, in particular, is a multifaceted region whose functions include semantic and episodic memory (Seghier, 2013) . The AG clusters seen here are functionally connected with both DMN and FPN (see online supplementary material). Thus, these regions may act as nodes of interaction between these two networks. Prior research shows that the FPN is active with the DMN when participants engage in internally focused, goal-directed cognition (Spreng et al., 2010) , which would be consistent with cognition driven by self-relevant, negative causal attributions. These results suggest more of a top-down mechanism, rather than immediate emotional responses as would be reflected in amygdala reactivity.
Unfortunately, there were no differences in task performance or RT, making it difficult to ascertain the functional significance of these activations. The rationale for the use of this task is that it should capture rumination, as distraction by task-unrelated thought causes errors or delayed response times. We are left with two possible conclusions: first, the task as adapted may not have been adequately sensitive. Perhaps it was too easy, or perhaps the fMRI environment and the $100 payment were sufficient incentive to enhance performance. Alternatively, differences in brain activity might have been unrelated to rumination. In support of this latter assertion, there were no relationships between brain activity and EDA response. We expected EDA to be sensitive to ruminative processing, and the lack of relationship to NCS suggests that these individuals were not ruminating more. Thus, although domainspecific and domain-general information did differentially affect brain activity, we cannot attribute these results to differences in rumination. The lack of relationship to EDA also confirms that they are not attributable to differences in sympathetic activity from increased emotional responding, cognitive effort or attention.
Although we had hoped that looking at both word presentation and rehearsal epochs would provide temporal cues about the nature of such processing, such as whether it was more likely semantic or This document is copyrighted by the American Psychological Association or one of its allied publishers.
early attentional processing (word presentation) versus later stimulus-independent processing (rehearsal), none of the word by epoch interactions were statistically significant. Thus, we are left with differences in fMRI activity but limited insight into their provenance. Our interpretation of these results is that individuals with NCS may process stress-relevant information against a different cognitive context or "background," perhaps in reference to maladaptive attributions, rather than because of effortful cognitive processes such as rumination. One can imagine, for instance, that individuals with NCS might situate word processing within a more abstract, self-referent conceptual space. In other words, these results may represent a difference in quality, rather than quantity, of cognitive processing. A critical next question is whether, or how, these BOLD responses predispose individuals to psychopathology. NCS-related brain activity did not correspond to either postexam depressive symptoms or pre-to-post change in symptoms, and students were not followed beyond this time point. Thus, there is no evidence to suggest that these differences either cause or predict depression. However, we cannot definitively rule it out. More importantly, we do not know that a midterm was an adequate stimulus to increase depressive symptoms. BDI scores and symptomatology declined on average across the midterm, and this decline was correlated with CSQ score. Thus, we suspect that individuals with NCS were more depressed at baseline and we captured a regression to the mean in dysphoria, obscuring any relationships we might have otherwise seen.
Additionally, we know little about the role of these findings in relation to other psychiatric disorders. We conceptualized this study within the framework of the Hopelessness Theory, which posits NCS as a risk factor for depression, and the midterm exam paradigm, which is designed to assess changes in depressive symptomatology. The question of whether NCS is a transdiagnostic risk factor remains incompletely answered, with a body of research indicating that NCS is associated only with anxiety disorders that are comorbid with depression (for a review, see : Haeffel et al., 2008) , while more recent work indicates that NCS is part of a core transdiagnostic cognitive vulnerability (Hong & Cheung, 2015; Hong, Lee, Tsai, & Tan, 2017) . As evidence accrues for core commonality among all forms of psychopathology (Caspi et al., 2014) , we recognize that the CSQ likely has some transdiagnostic potential. However, as this potential remains incompletely elucidated, we focused our study on depressive, rather than anxious or other forms of psychopathology whose relationship to NCS are less well-understood. We note that NCS was inconsistently related to state anxiety symptomatology in our study, which suggests some specificity for depression. However, much more research is needed to clarify the relationships of NCS and NCS-related brain activity to other forms of psychopathology.
We must acknowledge the limitations of our study design. Most notably, this study lacked a control group, which means we cannot conclude that our results are because of poor performance on the midterm per se. Perhaps individuals with NCS who performed well on the exam would show similar processing differences. However, we argue that even if these responses are not stress-dependent, they are still interesting, as we do not know of prior work studying the neural mechanisms involved in NCS. Similarly, because there was no prestressor baseline scan, we cannot definitively say that our results would not have existed before the scan, but again they would still be interesting. Although exam-related BOLD activity could be because of pre-existing, idiosyncratic responses to these particular words, it seems unlikely given the relative lack of response to rigorously matched neutral words. If such activity did precede the exam, we think it more likely that this would represent neural responses to personally relevant words because of their relationship to coursework, which would likewise be informative with regards to NCS.
Finally, it should be emphasized that our population represents a nonclinical sample. Thus, although these students carry a known risk factor for depression (NCS), and underwent a stressor that we expect to interact with this risk factor, these students did not have symptomatology at the time of the study and we did not follow them to learn if they developed depression or other forms of psychopathology. Additionally, this study used a sample of undergraduates at a competitive university, and was a largely White and female sample. We cannot say whether these results would generalize to a dissimilar population. Future studies should extend this work outside of student populations and consider stressors relevant to those populations.
Despite these limitations, this study succeeded in demonstrating differences in brain activity relating to negative cognitive style, suggestive of differential cognitive mechanisms of processing domain-specific and domain-general stress-relevant information via a frontoparietal network. These differences provide insight into the neural mechanisms involved in negative cognitive style and a starting point for studying their role in stress responding. We hope it will stimulate future neuroimaging research on cognitive vulnerability, and that it has underscored a need to conduct such research in ecologically valid contexts and from the perspective of psychological theories of depression.
